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■INTRODUCTION 

At  the  present  time,  2S  aluminum  and  72S  are  used  in  applications 
in  which  river  water  attains  temperatures  as  high  as  about  180®F,  The  2S 
is  aluminum  of  commercial  purity,  and  the  72S  is  a  high-purity  aluminum-base 
alloy  containing  1  per  cent  zinc.  Both  of  these  materials  are  relatively 
TiTeak  at  room  temperature  as  well  as  at  elevated  temperatures.  The  objective 
of  the  present  vfork  was  the  development  of  aluminum-base  alloys  which  had 
higher  load-carrying  capacities  at  all  temperatures  up  to  600®F.  without 
an  appreciable  sacrifice  in  resistance  to  corrosion  by  v^ater  at  elevated 
tenperatures  and  also  without  an  appreciable  increase  in  thermal  neutron 
cross-section  value.  Accordingly,  the  work  was  divided  into  two  phases. 

The  first  dealt  vdth  the  development  of  alloys  having  better  load-carrying 
capacity,  and  the  second  was  concerned  with  the  effects  of  temperature  on 
the  corrosion  resistance  of  the  e^q^erimental  and  some  commercial  alloys  in 
water.  The  first  phase  is  described  in  Section  I  of  the  report,*  and  the 
second  in  Section  H  of  the  report. 

SUMMARY 

A  wrought  aluminum-base  alloy  for  elevated  temperature  has  been 

developed  with  the  following  composition? 

6  per  cent  magnesium 
0.5  per  cent  chromium 
0.10  per  cent  titanium. 

This  alloy  has  outstanding  tensile  properties  at  all  temperatures  up  to  600®F. 
Its  thermal  neutron  cross-section  value  is  similar  to  that  of  pure  aluminum. 
Corrosion  tests  of  2000  hours’  duration  in  refluxing,  boiling, distilled  water 


at  212 ®F#  indicate  that  its  resistance  to  corrosion  is  of  the  same  order 
as  2S  and  72S.  The  resistance  to  corrosion  of  all  aluminum-base  alloys  in 
water  decreases  rapidly  ^-dth  increasing  water  teinperature,and,  at  600®F,, 
none  of  the  aluminum-bass  alloys,  ccmimercial  or  experimental,  has  appreciable 
resistance  to  corrosion. 
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SECTION  I. 

THE  DEVELOPMENT  OF  ALUMINUM-6  PER 
CENT  MAGNESIUM  i^OUGHT’  ALLOYS  FOR 
Sr.EVATED-TEMPERATURE  SERVICE 

The  al-umintuo-base  -wrought  alloys  containing  magnesium  are  not  so 
strong  at  room  temperature  as  the  high-strength^  heat— treatable  2ljS  and 
alloys  of  aluminum,  but  they  ha-ve  advantages  of  lew  density,  excellent  re¬ 
sistance  to  corrosion,  moderately  high  tensile  properties  at  room  temperature. 


and  very  high  tensile  properties  at  elevated  temperatures  up  to  600®F, 

high  tensile  properties  at  600®F.  are  indicated  by  the  following  data 

Tensile  Properties  at  600®F, 

Alloy 

Nominal 

Composition 

Yield 
Strength, 
p»  s«x« 

Tensile 

Strength, 

P»s«i4 

Elong* 
in  2 

Inches,  % 

2S(1) 

99.5^A1 

1,500 

2,500 

90 

32S-T^^^ 

0.9^Cu,12.5/^Si, 

1.0^Mg,0.9^Nl 

3,500 

6,000 

60 

2iiS-T(l) 

il.5^Cu,0.6^Mn, 

1.5^Mg 

6,000 

7,500 

65 

•• 

6%Mg 

- 

10,000 

90 

(1)  Alcoa  Handbook,  l^Wi* 

The  above  tensile  data  on  all  the  alloys  vrere  obtained  after  the  alloys  were 
substantially  stabilized  at  the  temperature  of  test. 

As  conpared  with  such  materials  as  2S,  the  6  per  cent  magnesim 
alloys  not  only  have  much  higher  tensile  properties  at  roaa  temperatvire  to 
600®F.,  but  they  have  very  much  greater  resistance  to  creep.  However,  as 
conpared  with  2liS,  the  creep  resistance  of  the  aluminum-6^  magnesiiim  alloys 
is  markedly  inferior,  as  shown  by  the  following  data* 
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Alloy 

Stress, 

p.Soi. 

Duration, 

Mrs. 

Initial 

Defor¬ 

mation, 

% 

Final 

Defor¬ 

mation, 

% 

Mnimum  Creep 
Rate,  ^/Ht. 

2ltS 

2,000 

269 

0,05 

0.23 

0,00016 

6%Mg 

2,000 

It.  6 

0.05 

it.  79 

Too  high  to 

measure 


The  general  aim  of  the  work  described  in  this  paper ^  then,  was  to 
obtain  improved  resistance  to  creep  at  600®Ft,  and  obtain,  if  possible,  still 
higher  tensile  properties  at  600®F.  but  retain  the  good  resistance  to  corrosio 
and  the  low  density  inherent  in  these  alloys.  Previous  studies^^^^^  have 
shoTO  that  small  additions,  particularly  those  having  limited  solid  solubility 
sometimes  have  a  beneficial  effect  upon  the  resistance  of  the  alloys  to  creep 
at  elevated  temperature.  Though  some  study  was  made  of  the  properties  of  binax\ 
alloys,  the  principal  effort  was  devoted  to  the  improvement  of  the  high- 
tenperature  properties  of  the  aluminura~6^  magnesium  alloy  by  making  small 
additions  of  one  or  more  elements  to  it^ 

Experimental  Procedures 

Melting  and  Casting 

All  the  melts  were  prepared  in  a  clay-graphite,  gas-fired  crucible. 

A  hi^-purity  ingot .  containing  99.85  per  cent  aluminum  was  used  except  for  a 
few  heats,  as  noted  in  the  accompanying  tables.  In  these  instances,  99.5  per 
cent  alxaminum  was  enployed.  The  principal  impurities  in  the  aluminum  ingot 
were  iron  and  silicon.  Tiie  alloy  additions,  excepting  magnesium,  were  added 
in  the  form  of  aluminum-rich  '^hardeners** •  The  magnesium  was,  of  course,  added 
in  the  form  of  commercial  magnesium  ingot.  The  melts  were  fluxed  for^  l5  min. 
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with  chlorine  just  prior  to  casting.  This  fluxing  operation  was  carried  out 
at  a  temperature  of  I3OO  to  13?0®F.  The  purpose  of  this  fluxing  operation 
v/as  to  provide  high-quality  melts  relatively  free  of  dross  and  gas.  It  is 
known  that^  if  such  melts  contain  an  appreciable  volume  of  gas,  a  defect 
knox'^yn  as  microporosity**  is  produced  in  alloys  of  the  type  investigated« 

The  melts  were  poured  at  about  I3OO  to  1320®?.  into  chill-cast 
slabs  of  the  follovdng  dimensions: 

lo  1  inch  by  6  inches  by  8  inches 0 
2o  1-l/U  inches  by  6  inches  by  10  inches# 

3#  3/ii  inch  by  Ij.  inches  by  6  incheSo 

Fabrication 

Usually,  the  surface  of  the  ingots  was  quite  smooth  and  no  scalping 
v/as  necessary.  If,  however,  the  surface  was  moderately  rough,  the  ingot  was 
hot  rolled  a  relatively  small  amount  and  the  resulting  slab  scalped  to  pro¬ 
duce  a  sound,  clean  surface# 

The  procedure  for  rolling  the  various  aluminum  alloys  was  as  follows 

1#  The  ingot  xvas  preheated  for  I6  hours  near  the 
rolling  temperature# 

2.  The  ingots  were  rolled  at  810®F,  to  produce  a 
slab  0#125  inch  thick.  During  this  operation, 
the  metal  T/as  given  five  reheatings  to  810®F.  to 
820 '’F# 

3#  The  slabs  were  then  annealed  2  hours  at  650**F» 

U#  The  annealed  slabs  v/ere  cold  rolled  to  0#060  inch 
thick,  reannealed  2  hours  at  650®F#,  and  further 
cold  rolled  to  0*030  inch# 
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The  0»030-inch  sheet  was  heat  treated  as  indicated 
in  the  accompanying  tables* 


Heat  Treatments 

All  the  heat  treatments  were  carried  out  in  an  automatically  con¬ 
trolled  electric  furnace  in  which  the  air  was  circulated*  During  the  solution 
heat  treatment^  the  specimens  were  suspended  in  the  furnace  to  avoid  warpage* 
As  indicated  in  the  accompanying  tables,  most  of  the  heat  treatments  in¬ 
cluded  a  cold-water  quench  from  the  solution  heat-treating  temperature. 

After  this  quenching  operation,  the  specimens  were  immediately  wiped  dry  to 
avoid  any  corrosive  attack.  Aging  and  stabilizing  treatments  were  applied  to 
the  specimens  after  the  solution  heat  treatment.  In  some  instances,  the 
specimens  were  also  given  a  5  por  cent  reduction  by  cold  rolling  as  the 
final  operation. 

Tensile  Tests 

Test  specimens  were  taken  parallel  to  the  direction  of  rolling.  A 
standard  ASTM  rectangular  tension-test  specimen  was  employed  for  the  tensile 
tests  at  room  temperature  as  well  as  at  600®F*  A  2-inch  gauge  length  was 
employed  throughout  the  testing  program.  The  yield  strengths  of  the  various 
materials  were  determined  at  room  temperature  by  the  use  of  the  stress-strain 
recording  device*  The  yield  strengths  were  not  obtained  at  elevated  tempera¬ 
tures,  however,  because  of  the  special  equipment  required  to  obtain  these 


values* 


-10- 


The  tensile  tests  at  room  ten5)erature  were  carried  out  at  a  cross¬ 
head  speed  of  O.O3  inch  per  minute  per  inch  of  gauge  length  until  the  yield 
strength  was  reached.  After  the  yield  strength  was  reached,  the  rate  was  in¬ 
creased  to  0,06  inch  per  minute  per  inch  of  gauge  length.  The  tensile  tests 
at  600*F,  were  conducted  at  a  crosshead  speed  of  0,02  inch  per  minute  per 
inch  of  gauge  length  until  about  the  maximum  load  was  reached.  The  speed  of 
the  movement  of  the  crosshead  was  then  increased  to  0,06  inch  per  minute  per 
inch  of  gauge  length  until  the  specimen  failed, 

A  more  detailed  account  of  the  furnace  construction  and  its  cali¬ 
bration  is  contained  elsevjhere.  (2) 

Creep  Tests 

The  same  ASTM  rectangular  standard  specimens  employed  for  the  ten¬ 
sile  tests  were  also  employed  for  the  creep  tests,  ■'.’hen  performing  the  creep 
test,  two  thermocouples  of  22-gauge  Chromel-Alumel  wire  were  attached  to 
the  2-inch  gauge  lengths,  Defomations  vrere  measured  by  the  employment  of  a 
single  platinum  strip,  thou^  check  tests  were  made  by  using  two  platinum 
strips,  one  on  each  side.  Readings  were  made  on  the  platinum  strips  by  two 
observers  daily.  To  eliminate  errors  in  the  measurement  of  the  initial  de¬ 
formation  —  errors  caused  by  lack  of  straightness  of  the  sheet  specimen  — 
all  initial  deformations  were  corrected  to  the  calculated  amount  of  0,05  inch, 
A  detailed  account  of  the  creep  test  units,  their  calibration,  and  operation 
has  been  described  elseT«iiere,(2) 
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Alloy  Development 

Tensile  and  creep  properties  were  obtained  on  a  limited  number 
of  commercial  alloys  for  purposes  of  cong)arison  with  the  e:cperimental  £dloys« 
Table  I  contains  a  small  amount  of  tensile  and  creep  data  on  these  commercial 
alloys*  Alloys  2S  and  72S^  of  course^  have  very  poor  properties  at  600^#* 
whereas,  at  600®F^3  2l^  is  known  to  possess  the  best  creep  resistance  of 
any  of  the  commercial  aluminum-base  vir ought  alloys  in  use  today  in  the 
United  States. (3)  The  high  tensile  properties  of  the  unstabilized  2I4S-T3 
at  600 ®F*  are  quite  evident*  Hlhen  this  composition  is  stabilized  pidor  to 
test  at  600®P*,  the  tensile  properties  at  room  temperature  and  at  6CX)*F* 
are  very  markedly  reduced*  Even  with  the  stabilizing  treatment  of  2h  hours 
at  ®0®F*,  the  alloy  is  probably  not  completely  stabilized.  This  is  ii>* 
dicated  by  the  fact  that  the  tensile  properties  of  the  alloy  in  this  partially 
stabilized  condition  at  600®F*  are  somewhat  higher  than  those  repo2*ted  for 
this  conposition  canpletely  stabilized  before  testing  at  600*F.(l)  Tensile 
properties  were  also  obtained  on  several  binary  alloys, including  aluminum- 
magnesium  alloys  over  some  range  in  magnesium  content#  The  purpose  was  to 
malce  certain  that  the  aluminiim-6  per  cent  magnesium  base  offered  the  greatest 
possibilities  on  which  further  alloy  development  could  be  based. 

The  data  on  the  tensile  properties  and  creep  resistance  of  binary 
alloys  are  shown  in  Table  II*  Of  those  elements  added  to  form  binary  alloys^ 
only  magnesium  and  manganese  produce  alloys  which  have  fairly  high  tensile 
properties  at  600®F*  Of  these  two  elements,  6  per  cent  magnesium  is  somewhat 
superior  to  the  manganese,  which  can  be  useful  in  amounts  of  1  or  2  per  cent 
only*  The  magnesium  alloys,  of  course,  also  have  markedly  better  tensile 
properties  at  room  temperature# 


TABLE  n-  TMSILE  AND  CREEP  PROPERTIES  OF  ALUMINUM-BASE 
BINARY  ALLOYS  IN  FORM  OF  0*030-INCH  SHEET 
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TABLE  II.  (COMTINUED) 


The  data  on  the  6  per  cent  magnesiimi  binary  alloy  also  show  the 
effect  of  heat  treating  this  composition.  As  would  be  expected,  the  various 
heat  treatments  have  no  appreciable  effect  upon  the  tensile  properties  of 
the  wrought  alloy  at  room  temperature  or  at  600*P,  The  reason  is  that,  in 
the  as— hot-rolled  condition,  all  of  the  magnesium  is  in  solid  solution# 
Consequently,  a  subsequent  heat  treatruent  has  no  appreciable  effect  upon 
the  structure  or  properties  obtained.  As  indicated  previously,  the  resistance 
to  creep  of  such  6  per  cent  magnesium  binary  alloys  is  rather  poor  as  compared 
with  that  of  the  2l;S  composition# 

In  view  of  the  good  tensile  properties  of  the  6  per  cent  magnesium 
binary  alloy,  its  low  density,  and  high  resistance  to  corrosion  in  normal 
exposures,  it  was  selected  as  a  base  for  further  development.  This  further 
development  was  carried  out  by  making  additions  to  this  base,  the  purpose 
of  virhich  was  mainly  to  improve  the  resistance  to  creep  at  600®F.  Accordingly, 
a  considerable  nianber  of  single  additions  were  made  to  this  binary  base# 

The  effects  produced  on  the  creep  resistance  are  quite  remarkable,  as  shewn 
by  the  data  in  Table  III#  As  noted  previously,  v^hen  the  binary  alloy  at 
600®F.  is  subject  to  a  2000  p.s#i.  load,  the  rate  of  creep  is  too  rapid  to 
measure  successfully#  l^Tien  chromium  is  added,  very  substantial  reductions 
in  creep  rate  were  obtained#  Fair  resistance  to  creep  is  also  obtained  by 
reducing  the  magnesium  and  adding  approximately  1^#^  per  cent  copper,  approach¬ 
ing  the  2kS  composition#  However,  1  to  3  cent  copper  in  a  5  per  cent 
magnesium  base  is  ^vithout  appreciable  benefit.  Manganese,  vanadium,  and 
possibly  zirconium  also  appear  to  have  some  beneficial  effect  upon  the  creep 
resistance  of  the  6  per  con*  magnesium  alloys.  Of  these  additions,  however, 
chromium  appeared  to  be  the  most  beneficial,  and  considerable  effort  was  made 
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to  make  further  additions  to  the  .  6  per  cent  magnesium-0*5  per  cent  chromium 
base  to  still  further  in5)rovG  its  creep  resistance* 

The  tensile  properties  and  creep  data  on  a  considerable  number  of 
the  more  complex  alloys,  most  of  which  contain  6  per  cent  magnesium,  are 
listed  in  Table  IV*  Of  these  additions  to  the  aluininum-«6  per  cent  magnesium 
base,  chromium  and  titanium  appear  to  be  the  most  beneficial.  As  a  result 
of  this  vrork,  the  following  alloy  appeared  to  have  an  excellent  combination 
of  tensile  properties  and  creep  resistance  at  600®F*: 


6  per  cent  magnesium 
0.5  per  cent  chromium 
O.iO  per  cent  titanium 

Although  an  alloy  of  this  type  without  the  chromium  and  titanium  has  a  creep 
rate  at  600®F.-2000  p.s.i.  load  w’'hich  is  too  rapid  to  be  measured,  the  alloy 
with  these  additions  had  a  minimum  creep  rate  of  only  0.003  to  O.OOOi^  per 
cent  per  hour. 

The  high-temperatiare  tensile  properties  of  alloys  cold  rolled  5  per 
those  of 

cent  are  somewhat  inferior  toythe  same  material  not  given  such  a  cold-rolled 
treatment.  Creep  data  on  alloys  cold  rolled  5  per  cent  were  not  obtained. 

In  all  probability,  however,  such  a  treatment  would  have  an  adverse  effect 
upon  the  creep  resistance  because  of  the  re  crystallization  which  may  occur 
during  the  course  of  the  test. 

Figure  1  shows  a  comparison  of  the  tensile  properties  of  the  follow¬ 
ing  five  alloys  at  room  temperature: 

1.  2I4S-T3  (solution  heat  treated  and  cold  straightened 

by  the  producer). 

2.  2US-T3  stabilized  2k  hours  at  650®Fo 

3*  Aluminum-6  per  cent  magnesium  binary  -  heat  treated 
and  stabilized. 

ll.  Experimental  alloy,  containing  6^Mg,0*5^Cr,0.1^Ti  - 
heat  treated  and  stabilized. 

5*  Same  (duplicate  heat). 


TABLE  IV.  TENSILE  AND  CREEP  PROPERTIES  OF  COliPLEX 

ALUMINUM-E'ISE  ALLOTS  CONTAINING  MAGNESIUM 

(Tested  in  the  Form  of  0* 030-Inch  Sheet) 
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AS98U  5.0  3.00CU  HTA3-1  Room  19.0  19,675  39,600 

0.25;iln 
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TENSILE  AND  YIELD  STRENGTHS,  R  S. 
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FI6URE  I.  COMPARISON  OF  THE  TENSILE  PROPERTIES  OF  24S,  6% 
Mg-AI  BINARY  AND  EXPERIMENTAL  ALLOYS  AT  ROOM 
TEMPERATURE,  MATERIAL  TESTED  IN  FORM  OF  0.030- 
INCH  ROLLED  SHEET 


0-16199 


ELONGATION,  %  IN  2  INCHES 


OF  250  HOURS 


FIGURE  2.  COMPARISON  OF  THE  TENSILE  AND  CREEP  PROPERTIES  OF 
24S,6%Mg-AI  BINARY  AND  EXPERIMENTAL  ALLOYS  AT 
600°F  MATERIAL  TESTED  IN  FORM  OF  0.030-INCH  SHEET 


0-  I  6  200 


TOTAL  DEFORMATION-PER  CENT  IN  250  HRS 


COMPOSITION  MINIMUM  CREEP  RATE 

Cr  OTHERS  PER  CENT  PER  HOUR 


FIGURES.  TIME-DEFORMATION  CURVES  OF  THREE  EXPERIMENTAL  ALUMINUM  ALLOYS  AND  24S  COMMERCIAL  ALLOY.  MATERIAL  TESTED  II 
FORM  OF  0.030- INCH  ROLLED  SHEET  AT  600*F.-2000  PS.I.  LOAD.  o.ieaoi 
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Figtare  1  shows  very  clearly  that,  after  the  alloys  have  been  sta¬ 
bilized  2k  hours  at  650®F*,  the  room-temperature  tensile  properties  of  the 
experimental  alloy  are  appreciably  superior  to  those  of  the  2kS  composition* 
Figure  2  shows  the  tensile  and  creep  properties  of  the  same  five 
alloys  at  600®F*  After  stabilization  prior  to  test,  the  experimental  alloy 
has  the  highest  tensile  properties  at  600®F.  The  creep  resistance  of  the 

6  per  cent  magnesim  binary  is  very  poor,  whereas  the  experimental  alloy 

that  of 

has  a  creep  resistance  about  equivalent  to ^'2)43— T3  with  or  v;ithout  prior 
stabilization# 

TypiCcGL  time-deformation  curves  are  shovim  for  the  more  interesting 
compositions  in  Figures  3>  k^  and  Figure  3  illustrates  a  comparison  of 
the  time-deformation  curves  of  2l|S-T3,  2liS  stabilized,  and  three  experimental 
alloys  of  optimum  composition.  The  two  time-deformation  curves  for  Heats 
A6120  on  Figure  ii,  A6122  on  Figure  and  A5980  on  Figure  6  are  also  repre¬ 
sentative  time-deformation  curves  of  the  experimental  alloy  of  optimum 
composition.  It  niay  be  concluded  from  these  curves  that  the  resistance  of 
the  experimental  alloy  of  optimum  composition  to  creep  is  of  the  same  order 
of  magnitude  as  that  of  2l|.S« 

It  should  be  noted  in  Table  IV  that  the  creep  resistanpe  of  the 
6  per  cent  magnesium  alloys  containing  chromium  and  titanium  is  sensitive 
to  unknown  factors.  In  this  respect,  it  will  be  noted  that  a  high  creep 
rate  was  obtained  on  one  specimen  of  Heat  k6L2k9  ^  low  creep  rate  ob¬ 
tained  on  a  similar  specimen  from  the  same  heat#  Likewise,  Heat  A602?, 
containing  6  per  cent  magnesiiam,  0#50  per  cent  chromium,  0.2$  per  cent 
titanium,  has  a  high  creep  rate  under  a  2000  p.s,i#  load  at  600®F.  In  this 
instance,  however,  the  poor  resistance  to  creep  may  be  caused  by  the  high 
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titanim  content# 

Figures  i;  and  5  show  some,  though  inconclusive,  evidence  that,  when 
high  iron  occurs  in  the  e^qjerimental  alloy  of  optimum  composition,  the  creep 
resistance  is  less  satisfactory  than  when  the  iron  content  is  low. 

Figure  6  graphically  illustrates  the  profound  effect  produced  on 
the  creep  rate  when  0#5  per  cent  chromium  and  approximately  0*10  per  cent 
titanium  are  added  to  the  6  per  cent  magnesium  alloys* 

Conclusions 

An  investigation  was  undertaken  to  improve  the  properties  of  wrought 
aluininum-6  per  cent  magnesium  alloys  at  600®F.  Although  the  6  per  cent  mag¬ 
nesium  binary  alloy  has  very  poor  resistance  to  creep,  it  has  been  found 
that  the  addition  of  0*5  per  cent  chromium  and  approximately  0*10  per  cent 
titanium  produces  an  alloy  which,  after  stabilization  at  600®F.  prior  to  test, 
has  higher  tensile  properties  at  room  temperature  and  at  600 ®F.  than  21^. 

Its  resistance  to  creep  at  600®F*-2500  p.s.i.  load  is  about  equivalent  to 
that  of  2h^  al\uninum  alloy.  In  addition,  the  aluminum-6  per  cent  magnesium 
0.5  per  cent  chromixim,  0.10  per  cent  titanium  alloy  has  low  density  and 
probably  good  resistance  to  corrosion  in  ordinary  environments. 
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SECTION 

CQHEOSIQN  RESISTANCE  OF  .ALUMINUM-BASE 
ALLOYS  IN  WATER  AT  212-600  * 

This  phase  of  the  project  was  conducted  along  with  the  development 
of  alloys  having  better  strength  characteristics  at  elevated  temperatures, 
as  described  in  the  preceding  section  of  this  report# 

Since  the  anticipated  service  of  such  alloys  included  prolonged 
exposure  to  water  at  temperatures  ranging  from  180  to  600®F#,  tests  were  run 
at  temperatures  as  high  as  600 ®F# 

At  the  present  time,  2S  (99#2^Al)  and  72S  (l^Zn  with  a  high-purity 
A1  base)  are  used  in  applications  in  which  river  water  attains  a  tenperature 
as  high  as  about  l80®Fo  The  general  aim  of  this  part  of  the  investigation, 
therefore,  was  to  make  certain  that  the  increased  load-carrying  capacity 
was  not  attained  by  a  sacrifice  in  resistance  to  corrosion,  particularly  as 
compared  with  2S  and  723,  It  was  also  desired  that  a  thermal  neutron  cross- 
section  value  be  maintained  not  appreciably  greater  than  that  of  aluminum. 

The  corrosion  tests  were  run  in  double -distilled  water.  Those 
conducted  at  212  ®F,  were  made  in  an  Erlenmeyer  flask,  using  reflux  condensers* 
The  specimens  were  supported  on  glass  holders.  The  tests  conducted  at  tempera¬ 
tures  higher  than  212 ®F,  were  carried  out  in  stainless  steel  autoclaves. 

The  aluminum  alloy  specimen  was  fastened  to  a  strip  of  mica  by  means  of  a 
hook  made  of  the  same  material  as  the  specimen  being  tested.  The  upper  end 
of  the  mica  was  attached  to  the  stainless  steel  holder  by  means  of  a  Chromel- 
A  wire.  The  teiiperature  of  the  autoclave  was  maintained  by  means  of 

*  The  corrosion  tests  described  in  this  section  were  conducted  by  F.  W.  Fink 
and  W,  E,  Berry  of  the  Battelle  staff# 
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Foxboro  controllers# 

The  results  of  the  corrosion  tests  are  listed  in  Table  V#  The  data 
on  the  commercial  compositions  are  listed  in  the  first  part  of  the  table# 

The  balance  of  the  table  contains  the  corrosion  data  on  experimental  composi¬ 
tions.  This  table  contains  data  on  the  conposition  of  the  material,  the  form 
of  the  specimen,  the  heat  treatment  applied,  the  temperature,  pressure,  and 
duration  of  the  test,  the  original  weight  of  the  specimen,  the  final  weight, 
the  weight  increase,  and  the  calculated  penetration  in  inches  per  year#  In 
many  instances,  the  corrosion  rate  was  too  rapid  to  permit  significant  values 
on  gain  in  wei^t  or  rates  of  penetration# 

Commercial  Alloys 

The  compositions  of  the  commercial  alloys  tested  are  listed  in 
Table  VI.  Alloys  2S,  72S,  and  2kS  were  corixDsion  tested  at  212,  300^  350, 

U50,  and  600 ®F.  The  commercial  alloys  wore  tested  at  600‘^F#  only*  From  these 
data,  it  may  be  concluded  that  none  of  the  commercial  or  experimental  alloys 
have  adequate  resistance  to  corrosion  in  water  at  temperatures  of  600 ®F# 
High-purity  aluminum,  2S,  52S,  6lS,  72S,  75S-T  Alclad,  and  R317  all  had  very 
poor  resistance  to  corrosion,  vhereas  the  copper-containing  alloys,  2US  and 
17S,  and  the  manganese-containing  alloy,  3S,  had  better  resistance  to  corrosio 
in  water  at  600 ®F#  also* 

These  data  on  the  commercial  alloys  indicate  that  service  tempera¬ 
tures  lower  than  600‘'F#  would  be  very  necessary#  The  corrosion  rate  increases 
rapidly  as  the  temperature  of  test  increases.  In  all  probability,  tempera"* 
tures  appreciably  above  212 ®F.  would  not  be  permissible  if  a  long  service 
life  were  required© 
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Intended  Form  of  Heat  Teat  Hours  Original  Final  Vfei^t  Calculated 

Alloy  Composition*  ^*  Test  Treat-  Temp.,  Pressure,  on  Weight,  Weight,  Gain,  Penetration, 

Number  Balance  Aluminum _ Specimen  ment(l)  *F. _ p.  s-i.  Test  Grams  Grams  Grams  In.A^&rC^)  _ Remarks 


Intended  Form  of  Heat  Test  Hours  Original  Final  Weigiit  Galoulated 

Alloy  Gompositiont  %%  Test  Treat-  Temp. t  Pressure*  on  Weight*  Weight*  Gain*  Penetration* 

Humber  Balance  Aluminum _ Specimen  ment(l)  *F.  p.  s.  i.  Test  Grams  Grams  Grams  In.Agar(2)  Remarks 

Section  6.  (600*7.  -1500  p.s.l. ) 


-39- 


s? 


8  t-S 

r^ 

e 

f 

W  -H 

><0  0 
O 

c  o  ^  o 

W  "H  jl  rH  «0 
p.  d  d 


•  u 

-5S 


1^ 


SO  'J'fO 

to  «  to  to 


o  o  o  o 


n  3 


fHH  o5  e^-^t 
6> 


o 


o  o 

to  lA 
yQyC 


'2 

O  •  •4*  O 

o  o  o  <0  ‘d  *0 

d-§^d-3?5  S 

•Hddoocdo^ 

gSg^ 

O  ^  «  -P  43  4>  4»  -g 

ooo  a-»34*43  a 
dcv<v.dooo_ 

m  0  ^  V  *u 

‘  ‘  I  r>  d  d  d 

Q  o  o  g 


Vi  Vi 


a-o 

O  Q  »0  rH  H  rH  .H 
43  43  >P  I  I  I  I  I 

05  0)  (0 

'O'd'Oooooo 

O  O 

434343+343434343 

0000 


M  *4  .14  to 

43  43  43  ^ 

«  «  n  o  o 
43434300000 
o  o  O’O’O'd'dno 
000 


43 


^  ^  ^  ^  ^ 

R  R 

oooooopo 

llliiiii 

COCOOTOOOOO 

I  I  I  I  1  I  I  I 

HWW  ®  ^  ^  ^  w 


TABUE  VI.  CHailCAL-COMPOSinON  LIMITS  FOR  COMMERCIAL 

MROUOHT  aLWINUM  ALLOYS  USED  IK  CORROSION  TESTS 


Section  2  in  Table  V  jsontains  the  corrosion  data  on  binary  alloys* 
These  alloys  were  prepared  in  the  hope  that  the  various  additions  made  to 
the  high-purity  aluminum  may  indicate  alloy  combinations  which  would  have 
higher  resistance  to  corrosion  than  the  more  complex  commercial  alloys  rep¬ 
resented  by  Section  1  in  Table  V.  It  is  evident  from  the  data  that  chromium, 
zinc,  cadmium,  silicon,  tin,  lead,  antimony,  bismuth,  titanium,  manganese, 

or  iron  added  to  a  99  #8  per  cent  aluminum  base  do  not  produce  appreciably 

that  of 

bettor  resistance  to  corrosion  than^fthe  unalloyed  aluminum  in  v/ater  at  600 
Surprisingly  enough,  however,  nickel  and  copper  which  usually  have  an  adverse 
effect  in  ordinary  environments  have  increased  the  resistance  of  the  aluminum 
to  corrosion  by  water  at  600 ®Fe 


Section  3  in  Table  V  contains  the  corrosion  data  on  the  complex 
alloys  which  were  prepared  primarily  to  obtain  improved  load-carrying 
capacities  at  elevated  tenperatures*  In  general,  it  was  found  that  none  of 
these  complex  alloys  had  adequate  resistance  to  corrosion  in  water  at  the 
higher  temperatures* 

Section  It  contains  data  on  corrosion  rates  in  water  containing 
various  added  chemicals  which,  under  some  conditions,  do  or  may  provide  an 
inhibiting  action#  The  ^^inhibitors*^  virhich  were  tried  were  sodium  dichromate, 
sodium  silicate,  and  arsenic  oxide#  None  of  these  additions  appeared  to 
appreciably  inprove  the  corrosion  resistance  of  the  alloys  tested* 


Sections  5  and  6  in  Table  V  contain  data  on  the  effects  of  chemical 
and  anodized  coatings  applied  to  some  of  the  alloys  of  gi-eatest  interest* 
Again,  however,  these  chemical  coatings  described  in  the  table  did  not 
effectively  decrease  the  rate  of  corrosion  in  water  at  600®F* 

Conclusions 

A  considerable  variety  of  commercial  and  experimental  alloys  have 
been  subjected  to  corrosion  tests  in  water  at  elevated  temperatures.  None 
of  the  alloys  tested  has  appreciable  resistance  to  corrosion  in  water  at 
6(X)®F.,  although  those  contairdng  approximately  per  cent  copper  appear 
to  have  the  best  resistance  to  corrosion.  The  corrosion  rate  in  the  water 
decreases  rapidly  as  the  temperature  is  decreased.  At  212 ®F.,  the  resistance 
to  corrosion  of  2S,  72S,  21^3,  and  the  e3q)erimental  alloy  of  optimum  composi¬ 
tion  in  the  refluxed,  boiling,  distilled  water  is  very  satisfactory.  The 
corrosion  data  are  simmarized  in  Table  VII* 

The  appearance  of  the  alloys  did  not  change  during  the  1000-  to 
2000-hour  treatment.  The  blisters  observed  on  one  corner  of  the  experimental 
alloy  specimens  are  probably  a  result  of 'slight  unsoundness  in  the  ingot 
and  are  not  the  result  of  corrosion* 

It  is  concluded  that  ail  four  alloys  have  about  equal  resistance 
to  corrosion  in  this  particular  environment.  The  load-carrying  capacity  of 
these  alloys  at  212 ®F*  can  be  approximated  by  their  tensile  properties  at 
room  temperature ,virhich  are  as  follows* 


Alloy 

YieM 

Strength, 

p»s.i, 

{0,2$  Offset) 

2S 

5,Uoo 

72S 

6,000 

2ltS-T3 

53,600 

E3q)erimental 

27,000 

Tensile 

Strength, 

P*  SftX* 

Elongation 
in  2 

Inches,  % 

12,500 

36 

12,300 

3U 

69,100 

17 

U9,000 

22 

It  is  evident  that  considerably  greater  load-carrying  capacity  can 
be  obtained  by  the  use  of  one  of  the  two  high-^strength  alloys.  Of  the  two 
hi  ^-strength  alloys,  the  experimental  alloy  has  lov;er  density  and  a  lower 
thermal  neutron  cross-section,  value# 

(The  data  from  which  this  report  was  prepared  are 
recorded  in  Notebooks  No.  it523*  pp.  2  to  $9, 

inclusive, and  No*  U9ii3^  PP*  2  to  31^  inclusive*) 
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TiiBLE  VII.  CORROSION  RATE  ON  SMAEL  SHEET  SAMPLES 
??EIGHINQ  5  TO  5-1/2  GRAMS  (Tests  con¬ 
ducted  in  water  at  1  atmosphere  pressure, 
212 -F.) 


Alloy 

Nominal 

Con5)osition 

Duration 
of  Test, 
HrSo 

Weight 

Gain, 

Grams 

Calculated' 

Penetration, 

In./lrt 

Appearance  at 
the  End  of 

1000  Hrs, 

2S 

99,$%A1 

1000 

2000 

0.0li*0 

0.011*6 

0,000351* 

0,0002 

30  to  50  black  spots; 
each  spot  has  a  pit 
beneath  it# 

2l*S-T3  l*.5^Cu,0,^Mh, 

1000 

2000 

0.011*2 

0.011*5 

o.oool* 

0,0002 

Thousands  of  small 
black  spots;  too  small 
at  30-diam*  magnifica¬ 
tion  to  observe  pits# 

72S 

l^Zn^al*99.8^Al 

1000 

2000 

0.0151* 

0,0163 

0,000383 

0.0002 

About  iiO  rust-colored 
specks  on  both  faces  of 
the  sample  vith  pits 
underneath# 

A5980 

6^Mg,0,5^Cr, 

0.10^Ti 

1000 

2000 

0,0108 

0,0109 

0,000279 

0.00015 

Black  streaks,  blisters 
at  the  lower  ends,  etched 
areas  with  white 
corrosion  product 
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